PCT 



WORLD INTcLLsCTUA L ?ROPSRTY ORGANIZATION 
international 3urcau 




1NTHRNATTONAL APPUCATTON PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



i5l) International Patent Classification 3 
A61.M 1/10 



I 



I 



Al 



(ID International Publication Number: WO 97/44071 

{-O) International Publication Date 27 November 1997 (27. | 



(21) International Application Number: 
(221 International Filing Oatc: 



20 May 1997 (20.05.97) 



(30) Priority Data: 
1 18352 



2! May 1996 ( 2 U 05.96) 



10 



(71)(72) Applicant and Inventor: SUDAI. Amnon flUfLJ; 
Yona Angel Street Ramat Goida. 3«i952 Haifa <IL). 

(74) Agent: FRIEDMAN. Mark. ,Vt; Samueloff Building. 7 Hao- 
manim Scree:. 67897 Te! Aviv (IU. 



PCT/IL97/00162 j (81) Designated States: AL. AM. A7. AU. AZ. BA. BB BC BR 
1 BY. CA. CH. Of. CU. CZ. DE. OK. EH. ES. a GB Cc! 

HU. !L IS. IP. KH. KG. KP. KR. K2. LC LK. LR LS LT 

S?" , SD * SE - Sa ST - SIC ^ "TNL TR. TT. UA. UG. 
US. UZ. VN. YU. AR1PO patent (CH. KE, IS. MW. SD 
SZ. UG). Eurasian patent (AM. AZ. BY. KG. k£ MD RU 
"D. TM). European patent (AT. BE. CH. DE. DK. ES. FI 
FR. GB. GR. IE. IT. LU. MC NU PT. SE). OAPI patent 
(BF. BJ. CF. CC. Q. CM. GA. GN. ML, MR. NE. S.N TO 
TG). 



IL 



Published 

With international search report. 



cp 



o 
o 



j (54) Title: APPARATUS AND METHODS FOR REVASCULARIZATION AND PERFUSION 
(57) Abstract 

The invention is proca'ced by intro- 
ducing a catheter (10) into the left ventri- 
:!e of the he an. Deployment of an intra- 
ventricular pump assembly (12) from the 
end of catheter (10) is carried out by push- 
ing holding device (24) in direction of the 
arrow (26). The tubes (20) of the intra- 
ventricular pump assembly (16) swing cut- 
ward to protrude from hub (13). The first 
intraventricular pump (Id) has a resilient 
bulb (30) attached to the hub (18). Tne 
cubes (20) are then seif-jnehcred the my- 
ocardium such that they can act to inject 
bleed into the myocardial wall from Vie 
ventricle. 
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APPARATUS AND METHODS FOR REVASCULARIZATION" AND 

PERFUSION 

FIELD AND BACKGROUND OF THE INVENTION' 

The present invention relates to cardiology generally and 
5 particularly tc methods and apparatus for intramyocardla! and 
intraventricular revascularization and perfusion. 

In a normal heart, the myocardium is supplied with blood via the 
coronary arteries curing diastole. In certain heart diseases or 
malfunctions, particularly involving arteriosclerotic coronary arteries, the 
10 myocardial tissue does net receive an adequate supply of biood, and may 
become dormant or "hibernate" and eventually become necrotic. 
Myocardial damage due to coronary disease is the largest cause of death 
in the Western world. 

Coronary bypass surgery and coronary angioplasty are well known 
15 techniques for combating problems cue to. arteriosclerotic coronary 
arteries. However, bypass and angioplasty techniques for most patients are 
not long term solutions. Recently a technique called transmyocardiai laser 
revascularization (TLR) has been introduced. A series of hoies are drilled 
through the myocardial wall. When the procedure is finished, what 
20 remains are blind holes in the myocardial wall which are open inwards to 
the intraventricular cavity. During the pumping action of the hear:, biood 
fiows directly into the bibd holes and hopefully nourishes the myocardial 
tissue, thereby compensating for the malfunctioning coronary arteries. 
TLR is gaining more and more use because it appears to be suitable 
25 for a greater peculation of heart disease patients, and may be implemented 
as a last resort when other solutions have failed or cannot be used. 

Nevertheless, there are several disadvantages to TLR. It is a long 
surgical procedure with general anesthesia. The position of the holes to 
be drilled may be difficult to plan, and in some places it . may be 
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pumped ,„ che myocardiun during '"J*- « 

SUMMARY OF THE INVENTION 

The preset invention seeks to provide an improved methods and 
m for revascularization and perfuaion which are myocardial 
and mcraveacricular. ' 

In accordance wich a preferred embodiment of rhe present invention 
an mcravencricular pump or pump asaembly ia induced into che left 
venule by a cachecer. Tne P omp preferably includes a valve diaooaed 
la inside a cube. • scu 

• During systole, che va,ve may eicher be inaccive or .ay dive, flow 
of b,c*d cnro a reservoir. During dias.de. the valve 0P ena and blocd ia 
pumped into che cube from che reservoir, and former inco che mvocrdial 
wall Thus, che myocardial cissue h correctly and , ^ 
20 wcch blood during dias;o!e ; . 

Preferably a plurality of such pumps are anchored in predetermined 
strategic lunations in the vencricular wall, so as co orovide a- octimal 
supply of blood co che myocardial cissue. 

The procedure of che present invention aubscanciallv overcomes *e 
-o dcaadvanragea of dee prior arc. The procedure is non-suraica.. does Tor 
reqmre general anesthesia and may be quickly performed. The DTO edu~ 
may be employed when immediate myocardial revascularization is 
warranted and other procedures of the art cannot be used. 

There is thus provided in accordance with a preferred embodiment 
,0 of the present invention, a method for intraventricular revascularization 
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and perfusion of a myocardium, including the steps of introducing at lease 
one pump into a ventricie of a heart, the at least one pump includina an 
inlet for flow of fluid therein and an outlet for flow of fluid therefrom, and 
attaching the at ieast one pump to the myocardium so that the outlet is in 
5 fluid communication therewith, such that while the heart beats, the at lease 
one pump draws blood from the ventricle via the inlet and pumps blood 
into the myocardium via the outlet, 'thereby causing revascularization and 
perfusion of the myocardium. 

In accordance with a preferred embodiment of the present invention. 

10 the at leas: one pump draws biood from the ventricle during systole and 
pumps blood into the myocardium during diastole. Preferably a catheter 
is used to introduce the at least one pump into the ventricle. Preferably the 
method further includes substantially spatially fixing a portion of the at 
least one pump inside the ventricle. 

15 In accordance with a preferred embodiment of the present invention, 

the method includes using a reservoir in fluid communication with the at 
least one pump for drawing blood thereinto during systole and for pumping 
blood therefrom curing diastole. 

Additionally in accordance with a preferred embodiment of the 

20 present invention, the method includes introducing a plurality of the pumps 
into the ventricle, wherein the pumps share a common reservoir for 
drawing blood thereinto during systole and for pumping biood therefrom 
during diastole. Preferably the method includes substantially spatially 
commonly fixing a portion of the pumps inside the ventricie. 

25 In accordance with a preferred embodiment of the present invention, 

the method includes fiuidly connecting one end of a bypass tube to the at 
least one pump and passing another end of the bypass cube out of the 
ventricle, the other end of the bypass cube being in fluid communication 
with an extravehicular blood vessel, wherein pumping of the at least one ■ 
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ZT~ bi00d t0 65 m *»* * -» 

There is also provided fa accordance ^ 
of d. present invention, an fatravencricular punTf 

- which permits insertion ^ ^ . ~ * * «. 

7 h h 11 ' eM: °" apemre f « «ow of bloce 

therethrough, auch that during systole blood fiow s farou sh the at 

10 ~ » - * P-P Prefer includea a valve ^ d 

^--■-bd 1 a t du rir ,dfa S! o,efaeva 1 veope ns . th ereb Z: 
ood ,o be pulped through Lhe mbe ^ ft£ m 2 

caustng revascularization and perfusion thereof. 
In accordance with a Dr af *— ah 

15 there is also „ „ «noodnnenc of the present invention 

u mere is also provided a reservoir fl..;^ 

wh • u •wervoir ia rm:d communication with the tube 

wherein the valve permits drawing blood ht0 ^ ^ . , . ^ 
„„,, . . s uuc inco me reservoir durir.* svstoi- 

and wherein during diastoie, the vaive opens to oermi, ,h 
u, _, , F 10 P er ^c the puxno to ounn 

blood rrom the reservoir inco the myocardium. ' 

Additionally in accordance with a pref-rr-d 
-.a P rsr -rrwa emoodiment of th» 

20 present invention, there is orcvidec at lea.- rn. • u 

a . . • IC " C ac leaSt one anchoring member for 

anchoring the tube to the myocardium. 

Further In accordance with a preferred embodiment of the oreser^ 
invention,, there is orovide-t f-xi-e =., n „._ * 

• ,CM '•»»« oPParaois for substantially spatialiv 
nttmgan outer surface of the tube fa the ventricle 

" of th TherS h " h aC -" 0rd "" WUh * P refe ^ 

*e present invention., an Intraventricular pu mpi „ s aasentblv rar 

ntraventncularrev^lari.ationa.ndpernasionofamvocardtum.faciudfae 
Pluraltty of pumps. tach pl! a? a ^ ^ ^ si2j ^ 

pernatcstnsercion thereof into a ventricle of a heart by means of a catheter' 
30 a up of tne rube befag fasettable into the myocardium, d* m ^ 
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formed with at least one aperture for now of blood therethrough, 
preferably, the cube includes a vaive disposed inside the cube, such that 
during diastole the valve opens, thereby permitting blood to be pumped 
through the cube into the myocardium, thereby causing revascularization 
5 and perfusion thereof. 

In accordance with a preferred embodiment of the present invention, 
the assembly includes a reservoir in fluid communication with at least one 
of the tubes, for drawing blood thereinto during systole and for pumping 
blood therefrom during diastole. The reservoir may be common to at least 
10 some of the cubes. 

Preferably the pumps are commonly substantially spatially fixed 
inside the ventricle. Furthermore/ the intraventricular pump assembly 
preferably includes an anchoring member for anchoring each cube to the 
myocardium. 

15 There is also provided in accordance with a preferred embodiment 

of the presenc invention, an intraventricular stent of such size which 
permits insertion thereof into a ventricle by means of a catheter, the scent 
• including a sleeve portion which is insertable and fixabie in a myocardium. 
Preferably the sleeve portion includes a coil. The stent may have a 

20 pointed tip which is insertable into the myocardium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention wiii be understood and appreciated more fully from 
che following detailed description, taken in conjunction with the drawings 
in which: 

25 Fig. 1 is a simplified pictorial illustration of a catheter being 

introduced into the left ventricle of the heart through the aora., in 
accordance with a preferred embodiment of the present invention; 

Fig. 2 is a simplified sectional illustration of the catheter being 
introduced into the left ventricle, taken along lines II - II in Fig. I; 
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F ' 5, 3 U 4 SinipIified - sectional action of a ~ 

mcravencncular pump assembly, coostnioed and operative in a ' 

catheter into the left ventricle;. " "* 

J Figs. 4 and 5 are simpHfied. panklly ^ 

zr depioymeat of *■ ~ uur «- — ^ - 

Figs. 6A . 6D are simplified, panially sectional illus!ntions 
tntfaventncularpump of*. biventricular pump a,semb,v. 
.0 and operate h ac=ordanM ^ , ^ ^ • « 

-enuon. p „ g ^ myMardium ^ ^ 

of the ™ ?A ' 7B ^ 7C " Stapliflel "** " lotions 
Mg aC: ' 0n ° f -P **, systoie and 

15 DunD RSS ' 8A 8B " Sta -° lifi5d of an intraventricular 

P»mp c onsttucad and cp^av, in accordance wither 

=tnbodtmen, of the present invention. during , vsto!e and 

zr ly ' wher!in wood is pmFed im ° ^ 

20 Figs. 9A and 9B are simplified, partially sectional illustrations ,f 

an intraventricular pump, constructed and operative in accoreaBCS ^ vs . 
another preferred embodiment of the present invention; and 

Ft S . 10 is a simplified, partially sectional illustration of a bvpass 
"be fiuid.y connected to the biventricular pum? of R , f „ 

-o accorcance with a prefaced embodiment of the present invention. 

DESCRIPTION' OF THE PREFSRBEn EVBODjMgMTS 

Reference is now made to Figs. 1 and 2 which illustrate a cathe- 
.0 being introduced into the left ventricle of a hear, throuah the aorta ^ 
aortic vaive. in accordance with a preferred embodiment of the orese-t 
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invention. Catheter 10 is preferably introduced via the femoral artery 
using conventional techniques. 

Reference is now made to Fig. 3 which illustrates an 
intraventricular pump assembly 12, constructed and- operative in 
5 accordance with a preferred embodiment of the present invention, 
preferably disposed in a distal end 14 of catheter 10. Intraventricular pump 
assembly 12 preferably includes one or more intraventricular pumps 16 
disposed one after the other in distal end 14 of catheter 10. Each 
intraventricular pump 16 preferably includes a hub 18 to which are 

10 rotatably attached a plurality of tubes 20 with pointed tips 22. Tubes 20 
are preferably spring loaded with respect to hub 18 so that when 
intraventricular pump 16 exits catheter 10, tubes 20 may swing radially 
outwards and protrude from hub 18, As shown in Fig. 3, as long as 
intraventricular pump 16 remains inside catheter 10, tubes 20 are heic 

15 within the confines of catheter 10. 

Intraventricular pumps 16 are preferably releasably attached to a 
holding device 24 inside catheter 10. Holding device 24 may be a 
conventional holding device usee in catheters for introducing and releasing 
instruments or substances in the body. 

20 Reference is now. mace to Fig. 4 which illustrates initial deployment 

of intraventricular pump assembly 12 from catheter 10. By pushing 
holding device 24 generally in the direction of an arrow 26. a firs: 
intraventricular pump 16 is pushed out of catheter 10. As soon as the firs: 
intraventricular pump 16 fully exits catheter 10. The tubes 20 swing 

25 radially outwards and protrude from hub 18. It is seen that the first 
intraventricular pump 16 nay include a reservoir, such as a resilient bulb 
30 attached to hub 18. Preferably all of the tubes 20 are in common fluid 
communication with bulb 30. Preferably a shaft 32 connects the hubs IS 
of the two intraventricular pumps 16. Hubs 18 may be expendable or may 
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be constructed in different ;„ « 

irrerent sizes m accordance with the:: location in th, 

left ventricle or the size of the ventricie. ' 
Reference is now mada R 

5 tan* pa** ho.ding devic5 I TOm ">• By 

- * h^icuiar pmp w Wly e , B e J ^ £~ 
swmg raduiiy ounvards and pr0OTde from ^ * * b S "° 

eacn atLiCI *d ^ a corresponding tube 20. In this 
arrangement, the tubes 20 9 ~ r in mis 

» n ttd ^ T:Z ^"T reIMSed from * e ™ y 

*. hear! and body ; on * wih hoiouis devi « *■ "» «»- frons 

As wil, now be ^ re . ^ o ^ _ 

movemen. or myoc2rdilJ durhs _ 

20 myocardnsm and bseome ^ . ^ rayocardjun - 

accordance with the tecriniou-s n f * 

UvnmoLes of the present invention the 

rr*" W W 12 b - *= •* vencricie b v 

- ! ° "* "< f ™ .0 *e myocardium bv i 

W,c», : , fl , teftvtrtle . tncraven^arpumpassembiv ::'mav 
25 be exacted foe the padenc's body « any dme. 

Reference is now made co Figs. 6A - 6D which ifcrace one of the 
mrravenrricuiar pumps ,6, consumed and operanve in accordance wicb 
a preferred embodtaen. of che present invention. penecra^ the 
rnyocardium and being anchored cherei, Hij , 6A . 6D fa ^ 
,0 toe one of d, m bes 20 of d,e second innaven.ricu.ar pump 14 w ith 
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ics bulb 34, although it is appreciated chat the description which fciiows is 
equally applicable to any of the cubes 20 of the first intraventricular pump 
16 with cheir common bulb 30. Hub 18 is not shown for clarity. 

As seen in Fig. 6A ? cube 20 preferably includes a first *0 and a 
5 second 42 sets of deployabie tabs which are preferably hingedly attached 
to cube 20. The first set of tabs 40 is preferably located near pointed tip 
22, whereas the second set of tabs 42 is preferably located on the body of 
cube 20 a small distance, such as I • 2 cm, proximally away from the firs: 
set of tabs 40. A plurality of holes 44 is preferably formed on rube 20 

10 between both sets of tabs 40 and 42. 

In accordance with a preferred embodiment of the present invention, 
tube 20 preferably includes two cylindrical elements 20a and 20b such that 
cylindrical element 20a is teiescopically slidable within cylindrical element 
20b. According to a preferred embodiment, cylindrical element 20b is 

15 preferably connected to a container 200 attached to hub 13 (not shown in 
the figures), the container for accommodating bulb 34, Container 200 is 
preferably rigid, and includes a chamber 202 filled with a fluid of a 
predetermined pressure. Further, a valve 50 is disposed inside tube 20. 
valve 50 being preferably attached to cylindrical element 20a and proximal 

20 to both sees of tabs 40 and 42. Valve 50 preferably includes a piston head 
52 pivocalSy attached to a shaft 54 which teiescopically slides in a generally 
cylindrical sheath 56 fixediy attached to cylindrical element 20a by means 
of a ring 53. Ring 58 is preferably constructed with apertures (not shown) 
which allow passage of fluid therethrough inside tube 20. 

25 Tube 20 is further preferably provided with a plurality of apertures ' 

60 formed thereon, generally proximally away from the location of piston 
head 52 shown in Fig. 6A. Apertures 60 may permit passage of fluid 
therethrough in and out of tube 20. Preferably, apertures 60 include 
unidirectional valves for selectively allowing passage of fluid into rube 20 

30 and preventing passage of fluid out of tube 20. 
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5 Tube 20 „ ; tlmb ;;;; - ~» - eraer fc 

myocardium 20 mt0 the 

" is noted that for the sak-e nf „, • 

_ Pumping action will now be described. ^ 
13 Reference is now made to Fies 7i 7Ban ,- r 

is in <:vefr,i«» T* *' A ' me ' eft ventricle 

« in systole. Tne movement of the mvocardi„m *. • 
k„ uk my ocarclium dunng systoie fillusnarerf 

ny an arrow) causes cylindrical element ?0a to tele^n- „ 

cylindrical element 20b towards aJ^^T^ ^ 
70 o fn „ container 200, thereby caushg piston he*d 

-0 - co confess a. Wood wjlhi „ mbe ffl «■ 

to snaft 54 and cylindrical sheath 56. 
it is noted that piston head <;-> 

In addition, the systoiic pressure built within the left venrri.u 
30 causes blood to oene'rar- thm„„K ventricle 
peoejiu through apertures 60 into tube 20 and bulb 34. 
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Since shaft 54 is teiesccpically slidable within cylindrical sheath 5c. such 
blocd causes piston head 52 co runner mcve cowards bulb 34, as shown 
in Fig. 7b, thereby further compressing the blood within bulb 34. The 
pressure built within bulb 34 depends on the pressure of the fluid within 

5 chamber 202, and is predetermined. 

In Fig. 7C, the left ventricle is in diastole. The movement of the 
myocardium during diastole (illustrated by an arrow) causes cylindrical 
element 20a to telescopically move within cylindrical element 20b away 
from container 200. Tne blood compressed within bulb 34 during systole 

10 is now forced by the positive pressure built within container 200 towards 
the myocardium. Since apenures 60 include unidirectional vaives, flow of 
blood out of tube 20 is prevented. As shown in Fig. 7C, the blood forced 
towards the myocardium presses piston head 52 and therefore causes shaft 
54 to slide back into cylindrical sheath 56. Further, the retractive force of 

15 the diastole causes piston head 52 to rotate with respect to shaft 54. 
thereby allowing biocd which accumulated in bulb 34 during systole to 
flow through cube 20 pas: piston head 52 and into the myocardium via 
apertures 44, This flow of blood causes revascularization and perfusion of 
the myocardium. The timing and intensity of blood injection into the 

20 myocardium may be determined by the pressure of fluid within chamber 
202. 

According to another configuration (not shown), shaft 54 is not 

telescopically slidable within cylindrical sheath 56, but rather fixed to rir.g 

53. Further, piston head 52 may be fixedly mounted on shaft 54 and 

25 substantially ceroenaicula: thereto. 
* • • 

According to another embodiment (not shown), pump 16 does not 
include a container 202 and = bulb 34. Rather, piston head 52 includes a 
spring which can be forced against proximal end 23 of tube 20 during 
systole. In this embodiment proximal end 23 is connected to hub IS. Thus, 
30 during systole piston head 52 is forced cowards the myocardium by means 
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of che spring. Alternatively, the serin* m w 

**■ i. the ,vocnrd te my b5 ^--T ° f *« 

.. -o ^ me , Wsms are ^ a r7"-« • 

3 """"tate pump: w convsrsjon ■ d for fcv-ng d. 

within an eiascic bulb or , ^ ~ « er?y s!ored 

-» , converted into ^ ^ ~ ~ 

- (W conversion of po<en«a, ,„e rJy provWed b ^ 
'0 w ithin te ven[ric , e bv Pressure buiid-up 

** « - spHn, ^ £ ~ IT ^ "* " 

- — -* o f W oo d ;c:;:~ eaersy is 

included. ° b ' Funher ' 50 is not 

In FiS ' 8A "» stride is i„ systole The svstoM, 
within the ventricle causes biood to „ E L' ^ 
^ 20 end bu,b 3, which is recei J ZZ " ~ " 
» * P—re bum with* buib 3 d ^r. SS0Wni - 

— (not sbo.,., ; f :r ^ ° f ^ 

Tn c;„ o» • Prereraoly predetermined. 

In Fig. 8B trie left ventricle is in diastol- Tn. m • 
«*■ bulb 34 during systoIe , _ » ^ ^ compressed • 
timing and intensitv * bioad ■ • • myocardium. The 

According to another embodiment bulb 34 mav be con ■ 
P^aiitv of p Umps I6 ^ may be C01 **^ to a 

ennr • i ' bs accoran iodated withm a c-ntral 

container placed withm the ventricular soace Insuchembn, I 
is not used. embodiment hub IS 



According to another preferred embodiment (not shown), at least 
one of pumps 16 extends through the myocardium and reaches the terminal 
epicardial coronary arteries, or alternatively the bifurcation of the coronary 
arteries so as to directly pump biood thereto. 
5 Bulb 34 may be coated with biologically active materials such as 

anti-ahrrithmogenic drugs, tissue proliferation inducers, muscle relaxation 
drugs and anti-thrombogenic factors. Alternatively, the biologically active 
materials may be accommodated within capsules contained within bulb 34. 
Further, bulb 34 may include imaging agents. 

10 Reference is now made to Figs. 9A and 9B which illustrate an 

intraventricular pump 80. constructed and operative in accordance with yet 
another preferred embodiment of the present invention. 

Intraventricular pump 80 preferably includes a nice 82 having a 
cylindrical element 82a teiesccpically slidable within a cylindrical element 

15 82b and in which is disposed a valve 84. Tube 82 preferably has 
apertures 81 formed therein and may be in fluid communication with a 
reservoir 83, in a similar manner as described hereinabove with respect to 
intraventricular pump 16. Valve 84 preferably includes a piston head 86 
which may be pivotally or fixedly mounted on a shaft 83. Shaft SS is 

20 preferably fixedly attached :o a relatively thin "pancake" bearing 89 which 
is rocatab'.y actached to a threaded barrel 90 (Fig. 9 A). Preferably one 0 r 
more stops 9 1 are atached to tube 82 proximaliy with respect tc bearing 
89. 

Intraventricular pump 80 preferably further includes a stent 92. 

25 Stent 92 preferably induces a sleeve portion, such as a coil 94 with a 
pointed tip 96. Threaded barrel 90 and coil 94 are preferably configured 
such that threaded bane! 90 can easily thread into coil 94, generally in the 
direction indicated by an arrow 98, and threaded barrel 90 can easily 
thread cut of coil 94, generally in the direction indicated by an arrow 100. ' 

30 Threaded barrel 90 preferably includes a pointed tip. 102 (Fig. 9Aj which 
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may cut tissue as threaded barrel on 

barrel 90 moves in and out of coil 94. thereby 
helping to maintain a clear p assa a e nf MnnM ■ 

passage of blood into the myocardium for 
revascularization and perfusion thereof. 

5 in P- 'I n ° Ced *" b3rrel 90 ' Sh ° Wn ^m coil 94 

-JAoniyfbr purposes of clarity. In operation, threaded b I 
reterab.y remains in threaded engagement w ith coil 94 at all times. Fig 
» **n valve 84 fully engaged with coil 94 and threaded barrel 90 . L 

Intraventricular pump 80 preferabiv operates in a manner similar to 
10 that descnoed hereinabove with respe c: t0 Figs. 7 A and 7B for 
•ntraventricularpump 16. Cylindrical element 82b of intraventricular oumo 
80 „ also preferably substantially spatially fixed in a manner similar to 
chat described hereinabove with respect to Figs. 7A and 73 for 
intraventricular pump 16. 

15 Tne intraventricnlar pumps or pump assemblies of the D «e» 

mvenuon may be used to pump blood out of the heart as well. Refe^~ 

» now made to Fig. 10 which illustrates a bypass tube ,10 fiuidiv 

connected to one of the tube, 20 of the intraventricular pumo assembiv p 

unrated in Fig. 5. in accordance with a preferred embodiment Cr : the 

-0 present invention. Bypass tube 110 is preferably introduced bv the 

catheter 10 (not shown in Fig. 10) when '--radnem. ,h • 

* Wllwa ".JOGucmg the intravent^c" 1 — 

pump assembly 12 into the left ventricle. 

The other end of bvnass rube 110 n-^f»^.Ki„ 

tuoe iiu p.eterabiy exits me ventricle 

cnrough the aortic valve and is preferably fluidly connected to a valve . . , 
- anda reservoir 114. Valve 1 12 is preferably a one-way type of valve Z 
may be the same type of vaive used in intraventricular pumns 16 or 80 
described hereinabove with respect to Figs. 7A. 7B. 9A and 9B. A 

plurality of apertures 116 are or--- a hiv fi^.w u 

at - P r — 'aoiy formed on bypass rube 110 

distally and/or proximally of valve 112. 
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Bypass cube i 10 may be used to supply blood co an artery, such as 
the left anterior descending (LAD) artery, wherein a constriction 118 
constricts flow of blood therethrough. As seen, in Fig. 10, bypass cube 
110 is preferably passed through constriction 118 such that valve 112, 
5 reservoir 11+ and apertures 116 are downstream of constriction 118. 
During diastoie valve 1 12 is preferably open, and blood is pumped through 
bypass cube 110 and flows past constriction 118 and valve 112, the blood 
then being collected in reservoir 1 14 and/or exiting through apertures 1 16. 
During systole vaive 112 is preferably closed, and blood collected 
10 in reservoir 114 flows bacic out to the LAD artery through apertures 116 
located between reservoir 114 and valve 112. Thus, bypass tube 110 
provides a method for bypassing constrictions in arteries and providing 
flow of blood to such arteries. 

An apparatus according to the present invention may be electrically 
15 connected to an electrophysiological device such as a pace maker or any 
other electrical sensing and/or pacing device so as to provide cimeiy based 
electromechanical perfusion. 

It is appreciated that various features of the invention which are. for 
clarity, described in the contexts of separate embodiments may aiso be 
20 provided in combination in a single embodiment. Conversely, various 
features of the invention which are, for brevity, described in the context 
of a single embodiment may also be provided separately or in any suitable 
subcombination. 

While the invention has been described with respect to a limited 
25 number of embodiments, it will be appreciated that many variations, 
modifications and other applications of the invention may be made. 
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WHAT IS CLAIMED IS: 



1. Ame ^^ 
of a myocardium, comprising the steps of: 

(a) introducing at least one pump intoa ventricle of a heart, said 
at . least one pump comprising an inlet for flow 0 f fluid 
therein and an outlet for flow of fluid therefrom- and 

(b) attaching said at least one pump to the myocardium so that 
saw outlet is in fluid communication therewith, 

such that while the hear bears um * r t„ . 

^ near, oeats. said at least one pump draws blood from 

we ventricle via said inle' and nim»» ui j . 

outlet ^ myocardium via said 

2. The method of claim 1 wherein said a: least one pumo draws 
blood from the ventricle during systole and pumps blood into the 
myocardium during diastole. 

3. The method of claim.!, further comprise using a arte- 
to introduce said at least one pump into the ventricle. 

4. The method of claim 1. further comprising substantial 
spatially fixing a portion of said at leas: one pump inside the ventricle. ' 



voir 



5. rne method ofciaiml, farther comprising uiina a r =«r,..., 
» flutd commotion with said a, tot one pump for drawing Wood 
tnereinto during systole and to: pumping blood therefrom durin. 
diastole. * 



6 . The method or" claim I, further comprising introducing a 
plurality of said pumps into the ventricle, wherein said pumps share a 
common reservoir for drawing blood thereinto during systole and for 
pumping blood therefrom during diastole. 

7. The method of claim 6, further comprising substantially 
spatially commonly fixing a portion of said pumps inside the ventricle. 



8 . Tne method of claim i , further comprising fluidly connecting 
one end of a bypass tube to said at least one pump and passing another end 
of said bypass cube out of said ventricle, said other end of said bypass cube 
being in fluid commutation with an extraventricuiar blood vessel, 
wherein pumping of said at least one pump causes blocc to be pumped 
through said bypass tube to said biooc vessel. 

9. The method of claim I, further comprising electrically 
connecting said pump to an electrophysiological device so as to provide 
timely based ele::romecharical perfusion. 

10. An intraventricular pump for intraventricular 
revascularization and perfusion of a myocardium, comprising: 

(a) a rube of such size which permits insertion thereof into a 
ventricle of a hear: by means of a catheter, a tip of said cube 
being intertable into the myocardium, said tube being 
formed with at ieast one aperture for now of blood 
therethrough: and 

Co) a vaive disposed inside said tube, wherein during diastole 
said valve opens causing biood to be pumped through said 
rube into the myocardium. 
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1 1 ' The in « ve ^i-ular pump 0 f claim 10. fcrther comprisin- , 

M c ~° n * - ^ r::: 

permits drawing blood into ™. _, 

- u mro said reservoir durin<- svsmi* ^ l . 
during diastole, said valve onenc m • herdn 

- ~ ci:r " sa,d pump ro *- *- 

12. The imnve.uricu.ar pump ofclaun 10 . ^ ^ 

one anchoring msmbcr for ^ sa;d ^ b ^ ^ ~ 

13. The intraventricular pump of eleto 10. forther contorts*, 
cube in the ventricle. 

M- The pump of claim 13. wherein said .be toner includes: 
« > nrst cy.indrica, element for anchoring to the mvocardium 

"* 3 SK °^ tod ,o S aid -xto- 

Waratus. said first cylindrical element bein S slidablv 
movable within said second cylindrical element; and 

such w ' ?iS; ° n ***** e ° nMSBd » Said =l«men, 

ZT , T sy!tou said fc! cy,indrical eieraMt «"*• - 

7? " e!SmeaI - -""*» «" P*» "»« .0 fore 

°'°od towards said fixing apparatus. 

15- The P"n,?ofciaiml4.funhercotnpH S ingar=servoirintluid 
com_icn with said second cylindrical element for draw™ blood 
aeretn.0 during systole and pumping bIood ^ ^ 

16. ^PiiniPofclaiinK.funhercomprismgasprmgconnected 
» « least one of said piston element and said second cylindrical elemetu. 
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17. The pump of claim 14, wherein said piston element includes 
a piston head pivotally connected to a shaft. 

IS. The pump of claim 17, wherein said piston element is 
slidabiy movable within a cylindrical sheath connected to said first 
cylindrical element. 

19. The pump of claim 10, wherein said pump is electrically 
connected to an electrophysiological device so as to provide timely based 
electromechanical perfusion. 

20. An intraventricular pumr- for intraventricular 
revascularization and perfusion of a myocardium, comprising: 

a tube of such size which permits insertion thereof into a 
ventricle of a heart by means of a catheter, a tip of said cube 
being insertable into the myocardium, said tube being 
formed with at leas: one aperture for flow of blood 
therethrough. 

such that curing systole blood flows through said ac least one aperture 
from the ventricle into said tube, and during diastole blood flows through 
said rube into the myocardium; 

2 1 . The intraventricular pump of claim 20, further comprising a • 
reservoir in fluid communication with said tube for drawing blood 
thereinto during systoie and pumping blood therefrom during diastole. 



22. The intraventricular pump of claim 21. wherein said 
reservoir includes biologically active materials. 
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2->- The intraventricular pumo of claims a u 

24. The pump of data 20, wherein said « last nn . 

25. The pump of claim 20 wherein 

-u, wnerem said pump s e'ecrrir-aiN, 

rr: aa rT-*- ** - - - : 

eiectromecnaruca! perfusion. 

26- An intraveatricular pum Ding y for • . , 

~— of . myo ; ardium . ::^r — 

a ploraiiry of pumps. each of said pumps 

a «*. of such size which permirs insertion ^ J ^ - 

ventricle of a hear: by means of a caches, a up of said tube 

21 leas: « TO for How of wood 

therethrough; 

«* *at durin s systole blood flows chro ugh said a[ leas! „ ^ 

; d r ve T ^ uii - «ood flow, w k 

satd tube into the myocardium. 

J- The pumping assembly 0 f claim 26. further comorisin. a 
va versed iMid e said rube, where, durm, diasroie said valve 1 

zzr** wood to be ™ *-* - * - - 
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28. The pumping assembly of claim 26," further comprising a 
reservoir in fluid communication with at leas: one of said cubes, for 
drawing blood thereinto during systole and for pumping blood therefrom 
during diastoie. 



29. The pumping assembly of claim 28, wherein said reservoir 
is common to at least some of said tubes. 

30. Tne pumping assembly of claim 26. wherein said pumps are 
commonly substantially spatially fixed inside the ventricle. 

31. The pumping assembly of claim 26, further comprising an 
anchoring member for anchoring each said tube to the myocardium. 

32. The intraventricular pump of claim 10. wherein said oumo 
is received within an intraventricular stent, said stent being of such size 
which permits insertion thereof into a ventricle by means of a catheter, 
said stent comprising a sieeve portion which is insertable and fixabie ir. a 
myocardium, said sieeve portion for receiving said pump therein. 

33. The intraventricular pump of claim 32. wherein said sleeve 
portion comprises a ceil. 

34. The intraventricular pump of ciaim 32. wherein said sleeve 
portion comprises a pointed tip which is insertable in the myocardium. 

35. An intraventricular stent of such size which permits insertion 
thereof into a ventricle by means of a catheter, said stent comprising a 
sleeve portion which is insertable and fixabie in a myocardium.. 
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a coii, 



36. The seen: of claim 35 wh^in e ,;^ • 

°' Wne * ein said s ^-ve portion cociDrsses 



37. The 



38. A method for cardiovascular tr. atm( , n , „_. u .. 
the steps of: me,h0d ' ^P™^ 

CD introduce at leas: one pump ra[0 , V!n[ride of , ^ ^ 
at leas, one pump comprising an Wel for fl<w of ^ 
therein and an outlet for How of fluid therefrom- and 

(b) inserting said at leas, one pump tough the myocardium into 
an artery so that said outlet is in fluid communication with 
the artery, 

such that while the heart heats, said at ieast one pump draws blood from 
the ventnole vta said inlet and pumps blood into the artery via said outlet. 

39. Toe method of claim 38. further comprising introduce . 
Plurality of said pumps into the vencride. wherein said pumps *Jl 
common reservoir for drawing blood thereinto durina s'vsrole a-d for 
pumping blood therefrom curing diastole. 

10. An intraventricular pump for cardiovascular trarae- 
comprising: 

<»> a cube of such size which permits insertion thereof into a 
ventricie of a heart by means of a catheter, a tip of said tube 
being msertable through the myocardium into an artery, said 
cube being formed with at least one aperture for flow c f 
blood therethrough; and 
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(b) a valve disposed inside said cube, wherein during diastole 
said valve opens causing blood to be pumped through said 
cube into the artery. 

41. An intraventricular pump for cardiovascular treatment, 
comprising: 

a cube of such size which permits insertion thereof into a 
ventricle of a heart by means of a catheter, a tip of said cube 
being insenable through the myocardium into an artery, said 
cube being formed with at least one aperture for flow of 
blood therethrough, 
such that during systole blood flows through said at least one aperture 
from the ventricle into said tube, and during diastole blood flows through 
said tube into the artery. 
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